Cricket frogs (Acris citans) from several different sites in Illinois were collected to assess the effects of environmental contamination on the prevalence of intersex gonads. Of 341 frogs collected in 1993, 1994, and 1995, 2 The presence of intersex gonads, where an animal is producing gametes of both sexes, has been documented in species ranging from invertebrates (crustaceans) (1) and poikilothermic vertebrates (amphibians, fish) (2-4) to birds (5) and mammals (6), including human beings (7, 8) . Individuals having both male and female gonads and duct systems have been observed in swine, ranging from 0.03% to 0.53% of the population examined (9-11), but this is rare in other domestic species (12). Intersex gonads have been reported in few wild invertebrate (1) and vertebrate (6) species, and most data sets are inadequate to estimate intersex prevalence. The presence of masculinized and/or feminized tissues does not necessarily impede the mating and copulation process (4,6). However, reproductive function may be impeded by the presence of functional male and female reproductive tissues and an abnormal milieu of hormones (3).
The presence of intersex gonads, where an animal is producing gametes of both sexes, has been documented in species ranging from invertebrates (crustaceans) (1) and poikilothermic vertebrates (amphibians, fish) (2-4) to birds (5) and mammals (6) , including human beings (7, 8) . Individuals having both male and female gonads and duct systems have been observed in swine, ranging from 0.03% to 0.53% of the population examined (9) (10) (11) , but this is rare in other domestic species (12) . Intersex gonads have been reported in few wild invertebrate (1) and vertebrate (6) species, and most data sets are inadequate to estimate intersex prevalence. The presence of masculinized and/or feminized tissues does not necessarily impede the mating and copulation process (4, 6) . However, reproductive function may be impeded by the presence of functional male and female reproductive tissues and an abnormal milieu of hormones (3) .
The developmental basis for intersexuality in amphibians involves a sexual bipotentiality of the gonocytes and gonaducts (13) . Early amphibian tadpoles have undifferentiated gonads that consist of an outer cortex and an inner medulla (13) . These two layers originate from the coelomic epithelium at the medial aspect of the mesonephric kidney in the developing embryo and support the primordial germ cells (14) . An indifferent or bisexual state occurs before genetic factors induce sex-determining antigens, peptides, and hormones that differentiate the cortex into ovarian tissue or medulla into testicular tissue (14, 15) . A number of environmental factors have been reported to influence sex determination in amphibians. These factors include temperature, pH of the aquatic medium, and presence of chemicals that might pose an insult to the gonads (13) . The undifferentiated amphibian gonad is highly sensitive to steroidal compounds, and treatment of males with estrogens during embryonic development can lead to sex reversal or the formation of an ovotestis (14) .
Reproductive strategies in amphibians involving sex reversal are rare (4 (1, 17, 18) . In mammals, gonadal intersexuality appears to be influenced by genetic factors (6, 19) .
Recent studies suggest that environmental exposure to anthropogenic chemicals that mimic or antagonize the activity of natural estrogens or testosterone may alter sexual development (5, (20) (21) (22) (23) .
The cricket frog (Acris crepitans) is a member of the family Hylidae. Hybridization studies have indicated that other hylids have an XY system for sex determination (24) . However, no heteromorphic sex chromosomes have been identified in A. crepitans based on either size or shape among the karyotypes examined (24) . The process of sex determination and the influences on sex determination are not understood for this species. We are unaware of any reports that A. crepitans experiences intersexuality or undergoes a sex reversal as a normal part of any of its life stages.
The two studies described in the present report are part of an ongoing research effort investigating risk factors associated with population declines of the northern cricket frog. The goal of this study was to assess the prevalence of gonadal intersexuality in adult and juvenile cricket frogs and to determine whether sexuality is altered in response to exposure to environmental contaminants. (1) Dimethoate (1) Disulfoton (1) Ethoprop (1) Ethyl parathion (1) Fenchlorphos (1) Fenthion (1) Fonofos (1) Isofenphos (1) Malathion (1) Methidathion (1) Methyl parathion (1) Mevinphos (1) Phorate (1) Terbufos (1) Trichlorfon ( (26) . cVolumes of soils and sediments scheduled to be excavated and incinerated at the target sites to achieve dry weight PCB concentration of <1 mg/kg (upper 30.5 cm of soil), <25 mg/kg (subsurface soil), or <0.5 mg/kg (sediment). Soils and sediments containing PCBs at <25 mg/kg are not included in volumes because they are scheduled to be used as backfill (27) .
Materials and Methods
dCombined value from both shallow bay sites E and F. (Fig. 1) . For specimens from all 3 years, the IP was 2.6%.
Water analysis results are presented in (Fig. 2) . In 13 juveniles from the contaminated sites and 13 from the control sites, gonadal tissue was immature and could not be identified for histologic preparation. The Fisher's Exact test used to examine the association between sex ratios of the PCB/PCDF contaminated and control groups revealed a significant difference (p = 0.0007).
Discussion
Ovotestes have been noted previously in other species of anurans (13); however, to our knowledge, this is the first study to investigate the prevalence of intersexuality in any species of amphibian or to examine potential influences of contaminants on sexuality of wild amphibians.
The overall prevalence of intersexuality in study A cricket frogs from 1993 to 1995 was 2.6%. This may be consistent with the natural prevalence of intersexuality or may represent a prevalence altered by hormonally active environmental contaminants. A number of insecticides formerly used in (5, (20) (21) (22) (23) (30) (31) (32) (33) (34) . Various congeners and mixtures of PCBs, PCDFs, and PCDDs possess a spectrum of estrogenic, antiestrogenic, and antiandrogenic effects (27, (34) (35) (36) (37) (38) . Soil, dust, and air near the contaminated sites contained both estrogenic and antiestrogenic PCBs and PCDFs, but antiestrogenicity dominates the net effect of the PCB/PCDF mixtures at these sites (28, 36) . Although the antiestrogenic coplanar compounds were present at lower concentrations than the estrogenic compounds, the former are more potent, and estrogenic effects are unmasked only after coplanar compounds are stripped from the mixtures (36) . Dose-response relationships for PCBs and PCDFs may be nonlinear and therefore challenging to characterize experimentally. For example, such compounds may cause low-dose effects that are absent at higher doses (37, 38) . In addition, enzyme induction at higher doses may alter toxicokinetics of these contaminants, thereby decreasing concentrations at receptors (29, 36, 34 Figure 2 . Map of Crab Orchard Lake illustrating sex-ratio reversal in PCB/PCDF-contaminated sites compared to controls. Sites A, B, and C were control sites. Sites A and B were two small ponds located approximately 16 km north-northwest of the lake. Site C was located on the lake. Sites D, E, and F were PCB/PCDF-contaminated sites. Site D was a small pond adjacent to the lake. Sites E and F were located near the Sangamo Landfill on the lake. There was a significant correlation between sex-ratio reversal and PCB/PCDF contamination (p = 0.0007). Numbers above bars signify n for the groups.
Reduced thyroid hormonal activity may add complexity to interactive effects. As PCB dose increases and systemic T4 declines, some rodent tissues may be less responsive to estrogenlike actions (36, 37) , and T4 is critical to amphibian metamorphosis (15) . Because of such factors, it is difficult to predict the net actions of complex environmental mixtures of hormonally active contaminants.
Whether genetics, temperature, or a combination of these determines sex in cricket frogs remains to be investigated. Witschi (39) reported that tadpoles of Rana temporalis in water at 1 0°C and lower produced 100% females, while 15-21°C produced a near 1:1 ratio of the two sexes, and tadpoles at 270C or higher produced 100% males at metamorphosis. Hayes and Licht (40) found that, unlike Xenopus laevis, Bufo boreas metabolized testosterone more efficiently at higher temperatures than at lower temperatures. Rates of conversion of testosterone to estradiol were not determined. Because of the many enzyme systems involved, the roles of temperature and contaminants including PCBs and PCDFs on enzymes involved in steroid production and metabolism are likely to be complex (41) . Although we did not monitor water temperatures, there is no reason to suspect marked differences among the water temperatures of the various sites. Thus, our study strongly suggests an association between PCB/PCDF contamination and sex-ratio reversal in cricket frogs. Whether atrazine accounts for findings of intersexuality is less clear. Understanding genetic mechanisms of sex determination in this species, coupled with controlled exposures to PCBs, PCDFs, atrazine, and other contaminants, is warranted to determine mechanisms by which genetic and/or temperature-related determinants of sex are altered by exposure to anthropogenic chemicals.
